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Objectives
• To observe the effects of the flowing fluid that is taking place,
alongside of the active and passive flow control techniques to
mitigate the effects, through CFDs (Computational Fluid
Dynamics).
• To learn more about the inner workings of ANSYS-CFX.
• To be familiar, computationally speaking, with turbulence
modeling, sub-grid scale modeling, alongside of laminarturbulent flow transition and boundary layer control, with
applications of Fluid Mechanics.

What are CFDs?
• CFD, Computational Fluid Dynamics, are an
analysis of fluid mechanics that take place
through a numerical analysis of an object
• This type of analysis is widely used in a
computer software called: ANSYS.
• ANSYS is a computerized 3D design
software that can show the fluid flows
that is going through a particular object
of interest.
• This computer software was first
discovered in Canonsburg, PA in 1970.

What is ANSYS’
purpose?
• This software is commonly used by
Mechanical and Aerospace Engineers
to, for example, view the analysis of:
Engines, Turbines, Rotorcraft Blades,
etc.
• The types of programs that ANSYS can
run are the following: Dynamics, Fluid
Flow, Acoustics, Electromagnetism,
Vibrations, Statics, Thermal Analysis,
Optimization, Turbomachinery Fluid
Flow, and many more. This program is
highly intelligent and can run many
subtopics for it.

Steps to Complete a Fluid Flow (CFX) Module
1) Geometry – Select a
CAD/SolidWorks Model
that was completed.

2) Mesh – Update the
properties to analyze
the entirety of the
object for accurate
solutions during the
set-up option.

3) Setup – Insert
“Boundaries” such as:
Inlet, Outlet, Walls,
Symmetry
•During this section, certain
variables can be selected to
be calculated in the next step:
Solution.

5) Results – The analysis of the object
is complete, and now is available to
find what types of variables that are
taking place in the inlets, outlets, etc.
Planes can serve as a symmetrical
fluid flow analysis, vectors/streamlines
will show the fluid flow going through
the object and on the left side of the
screen shows the rainbow bar with
red being the highest and purple
being the lowest (varies between
variables being applied)

4) Solution – The
software automatically
calculates the flow of
the object, but it’ll take
a maximum of 1-2
hours.

1. 90-degree Pipe

Figure 1 [1]

• The purpose of the pipe was to
introduce us more into the basis of
ANSYS, alongside of pinpointing the
inlet and outlet of the object.
• An application for this is in Fluid
Mechanics, 90-degree Pipes are
associated with “Minor Losses” in pipe
flow.

90-Degree Pipe SolidWorks Model

1. 90-degree Pipe
(cont.) *ANSYS Results*
Vorticity

Since there is vorticity (eddies)
taking place, there is more
activity of kinetic energy taking
place

Velocity of 90-Degree Pipe

TKE Kinetic Energy of 90-Degree Pipe

• *Shown are pipes at a standard
velocity of 3 m/s*
• Vorticity takes places near the
bottom edge near the outlet,
which indicates a small whirlwind
of fluid near that area.
• In the TKE, where vorticity is
taking place, “eddies” are being
associated in the rest of the flow
in the pipe.
• Eddies are a swirl of fluid that
creates a downstream of fluid flow

Pressure of 90-Degree Pipe

2. Combustors

Combustor SolidWorks Model

Figure 2 [2]

• Are a component for a gas turbine,
scram/ram-jets, etc. Their sheer purpose
is being known as a “burners” in a
system, which burns fuel with high
amounts of pressure air coming through
the system.
• As stated, all types of turbine engines
indeed have a combustor, with high
amounts of temperatures that will be
able to provide more thrust as it is fed
more fuel and air to burn through.
• It correlates to a combustion chemical
reaction:

2H2 (g) + O2 (g)  2H2O (g)

2. Combustors (cont.)
Vorticity, or eddies, are very
abundant in the bottom of the
combustor model

Pressure of the Combustor

The total
pressure is
constant
through the
combustor,
except for the
bottom
portion of the
combustor

Eddy Viscosity of the Combustor
Small Eddies that are taking
place at the bottom of the
combustor

Total Pressure of the Combustor

Turbulence Eddy Dissipation of the Combustor

2. Combustors (cont.)

Large amounts of eddies, vorticity, are taken
place; there are more amounts of kinetic energy
that are being exerted in the bottom

Turbulence Kinetic Energy of the Combustor

3. Scramjets
• A scramjet (supersonic-combustion
ramjet) is a ramjet engine in which
the airflow remains supersonic, or
faster than the speed of sound,
throughout the engine. Vehicles
powered by scramjets are expected
to reach speeds of at least Mach 15.
• No scramjet has surpassed over
Mach 9.6 X-43A flight during the
flight test. The only time the
scramjet has reached its
full speed was during a ground
test.

3. Scramjets (cont.)

Pressure 30 wide fuel
injectors

Velocity 30 wide fuel
injectors

Velocity is constant
though the
scramjet, only for
the reason of
velocity coming
from the fuel
injectors

There’s some activity of
eddies going through the
scramjet, specifically when
there is fuel plus air going
through the fuel injectors

Eddy Viscosity 30 wide
fuel injectors
Total Pressure is

constant through the
jet once more, and
there is more activity
of it going through
the fuel injectors

Total Pressure 30 wide
fuel injectors

3. Scramjets (cont.)

Pressure 45 wide fuel
injectors

Velocity 45 wide fuel
injectors

Eddy Viscosity 45 wide
fuel injectors

Total Pressure 45 wide
fuel injectors

4. Airfoils
• A surface that helps produce lift and
drag when moved through the air.
• Such as: Airplane wings, tails, and
propeller blades
• NACA airfoils have each 4-digit or 5digit numbers indicating the type of
airfoil it possesses (4-digit NACA
airfoils are more commonly used.
• A rule of thumb is always: To
increase lift, there must be more
pressure on the bottom, and have
an increase of the angle of attack.

4. Airfoils (cont.) (AoA of 3 degrees)

4. Airfoils (cont.) (AoA of 6 degrees)

4. Airfoils (cont.) (AoA of 9 degrees)

Acknowledgements
• Graduate Assistant: Evan Cathers
• Faculty Supervisor: Dr. Marcel Ilie
• Faculty Director: Dr. Valentin Soloiu

References
• Dunbar, Brian. “How Scramjets Work.” NASA, NASA,
www.nasa.gov/centers/langley/news/factsheets/X43A_2006_5.html.

• “Potential and Kinetic Energy Explained: Education Overview.” Just Energy, 14 Jan. 2021,
justenergy.com/blog/potential-and-kinetic-energy-explained/.
• Unknown, Unknown. “Turbulent Transport .” Unknown,
Https://My.eng.utah.edu/~Mcmurtry/Turbulence/Turbtransp.pdf.
• “Modeling of Turbulent Flows P M V Subbarao.” SlideToDoc.com, slidetodoc.com/modeling-of-turbulentflows-p-m-v-subbarao/.
• “Turbulent Kinetic Energy.” Turbulent Kinetic Energy - an Overview | ScienceDirect Topics,
www.sciencedirect.com/topics/engineering/turbulent-kinetic-energy.
• “Eddy Viscosity.” Eddy Viscosity - an Overview | ScienceDirect Topics,
www.sciencedirect.com/topics/engineering/eddy-viscosity.
• Borque, Paloma, et al. “On the Unified Estimation of Turbulence Eddy Dissipation Rate Using Doppler Cloud
Radars and Lidars.” Advancing Earth and Space Science ,
Https://Agupubs.onlinelibrary.wiley.com/Doi/Full/10.1002/2015JD024543, 12 May 2016.
• In a naca 2415 Airfoil, What DO 0.02 camber, 0.04 chord, and 0.15 thickness mean? Quora. (n.d.).
https://www.quora.com/In-a-NACA-2415-airfoil-what-do-0-02-camber-0-04-chord-and-0-15-thickness-mean.

